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ABSTRACT
A h i g h  paI[s COUIII irl power conversion ‘ I  II(I [(1’rlllvl

syslcms ulili7ing discrctc.  componcn[s aIId a  nli> of dl~. I( Ic
circuits controlled I)y nlicroproccsso Is and AS](’s ])rti  IULI  s

rcaliz.a[ion  of  the h i g h e s t  syshm lcliability  (Iw!  [(I hi~ h
faihlrC ra[C, a[ld IhC  hi@K’5( CfflCiC.[Ky  (fLIC tO ValjoL1\  1(, (.S

rncchanisms.  ln addition, cost, weif,h( and VOIUIIIC.  at~ al, o
not opt imal  duc  to large nrrmbcr of discrc[e  dcw(c  5, 211:1
somc[in]cs  duc  [o control and protrc[ion il]]j~lc[llcrl(;{[i~,[l
sche.mcs. I;ol[(l[lalcly,  ncw lechnolocics  are. OII [Iic tl(jrif  I IrI
(hat  offc.r dlclllla~ic  impr(wcmcnts  iii rcliabilil},,  cos[ aII I
pc.rformarm  (If power conditioners. Such nCN’  t~(’fltl(,l<,j:l[’~

arc: Srna[( l’owcr (S1’) and Power lutcgra[cd ~ir(  ui[< ( t ‘JC’\;~,
Will) incrcasillf, voltage artd current rii[ings and Ijip,tl \, LIILIIIIC
prodoctio!l  (II such circuils,  tbcsc tcchnologirs  tiI( tll[ \,i c
of the fu[tl[c in Ilrov icling high pcrfolnlal)cc  low co,, ! ]IIIV I.. I
conditioning S\l[)SJ’StClll (1’(;S) iIl S[11;111 I(I ], IIF, [ II, !!l I. I

applications. I: ff(u(s arc curlcntly uldciway i[l ~,())t.IIIJIII  III

and indusll ial ol~,aniz.a[ions  10 rcali7e It]is go:Il,

This paper discusscx circuit (fcsigns osin~ tlIcsc (Icvii ,s
that arc suitab]c  for ]W ir] ptlotovol[aic and olll.r ]r,(:tl:.1[ II
appllcallons  Such as clcclrical  rrpplianccs, irlslrklrllc[ll;(ti~!,,
AC motor drives, baltcry chargers, :,,lt(,lll:,~~li], ~,

lclccor]]l~l(] rlica[ic)lls,  UI’S, and swi[ch  mode powct  s~l~}]lil  s.
It exarnincs  lbc cost of high volume procfucliot,  an~i c LIII{  III
technological  barric.rs  trssociatc.d with the dcv( l(IpIIIt  III [If
these (cchnol[JQcs.  Some U.S. f,ovcrn[ncnl and illt(t  IIal  II I! ,-1
programs cuIIc II(ly in place arc [,[cscntcd. (’1,1,,11 1)

av;!ilal,l[’ fLll  I:lil I[: (Il,l,:,rlllrl!lics iil C included.  (;ove.rnn]cnt-
itl<ludry  ~];illrl(rsllij~ a( [Ivi[ics rquircd 10 pIo Inotc  t h i s
t(( tllrology all CXI(IKI It to irlcludc al}plications i n
ilt[ I{ a,ir~gly  l,If:eI  sysI( IIIS a r c  d i s c u s s e d , Chrlcntiy
avkiilal,lc  tl,, rdwarc,  (Il[ir ratirlf,s and rnanufacturcrs  arc
pies, rl[c(l. I’01 \)l](, [(, \f(,l(itl( ai]plicatiolls, t h e  conccp[  o f
“A( ’  p,i  IIcl” wi!li 1’(’S (lfirl~, S[’/1’1(; hardwwc find  nlountcd  o n
the I,:ick of I’V p311:l  for large 5( ale potential
COIIIIIII [cialilarl[i  (If sr]fc(rrittiir]cd  units is being pursued in
111( I J.S. ami olticr (( IIIIIlri{,.

II is ( orlcl~,(lbl  [III as S]li:ir{  l’owcr technology rnaturcs, and
avail al,lc ha[du,lrt  r(,tili~’s ]tlcrcaw,  the application rnarkct  of
ttl( s!’ !(clllllll(l~iLS will ( hl)ald as a result of increasing
Syllcrfisnl lIil\v\(lI ltili,:los application sectors and
dCCl{a\ir!p, },o,l~l([i{][]  co<rs lrl the Ilwantirnc, efforts to
clillllr]llc t~’( llrl(ll{~~,ic:~l ballicrs and 10 accclcratc
Iij~;lllCcltiOrl\ rll I\! ((,lllilj~l(  Milti the ticlp o f  g o v e r n m e n t
p[t)pral]ls, ill 111<1,}, Ir]ics[r[lcrl[s a n d information
(Ii,s<l],irlalitlll

IN IF{ C) DII(:”IICIN
‘ll Ic [orl~trslofl [II Ir[i; and almndar]tly  avai lable solar

e]lcr~:y into cc~.[-((,!lll,cti[i  vc clcc[rical  powc.r has bum the
go:il cIf Inar,j I’\’ Iclatcd  clloris for over 15 years. In the post-
1 CSI;I L ol[ot, AC CII:C Ir i( i(y is, t,y far, the most common form
o f  CIC, [rical IWIVCJ usc ill the (1. S.A and i n  t h e  w o r l d .
Ll[ili[j{ \ tl:t~c ; [Ii,j,:c,l  A ( ’ a< 3 stalid:l[d of gcrlc ration a n d

-....—.
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‘  [ t r a n s m i s s i o n .  lICIICC,  fol 1’V to bCCOIIJC  a siyll)ll(al,’  jl}nt
supplicl,  the 1X: flcrm Ihc. 1’V IIIUSI  bc CCIIIWIIL(I I(I II I  I  I }

compatible AC powcI.

‘1’lIc (Iominrrnt  cost (Irivcr  of a  l’V syslcm I.  rlIc I’\” .II (t’,
\\fi(l\ i[s cosls ran~,in~,  II(JIII $ 4 . ( ) ( )  10 $8.()(1 p, I l):  1 v . .  ‘1

‘lhcl’V cosls is ill (IIC rallp,c  uf .$ .50 10 $] .50 p; I 11 1  I> 1111 III

ralcd w:ill  olllpul. ‘I”hc o t h e r  t)alallcc-[)f-sys[cill  (11( }.~~ [ ( ,1 ~~
ranr,c  from $1.00  10 $4.00 pcr wall, a~.airl cic\IclIL[I12\,  llj, .111
syslcm  sif,c,  vollagc ralin~s, smuc[urc  rc(l(l]l[(illi~l., ,1, [i

sys(c.rI)  d e s i g n .  W i t h  Il]c 1’(:S in a cIilicat j,all, II}it[  IiII[ L 11!
impacls  llIc si~.c o f  Ihc aIray, 110S cos[s, alId 1111. (1: II!( f(<i

cost of power, i[ i s  o b v i o u s  (hat irnprovclri~  IIIS  III J “, ,\

pcl(of IIlaf Icc can have a J,osi[ivc  lc.\,crag,inF, cflv, I (II, 1( ~,}
sys[cn] silt and cosl.

1 [  W;ls [calid  [Ili{l  (tic Icsi(lrnli;]l u[ilily-ill:,(  [ii ,11 . {I ,1

a l o n e  I’V sys[cIII and i]llcl I[lcclia[c-size. l’v S)ilclll 111 ‘.1

rcccivc.  f(lll a{kliliol)  for Iarp,e scale Coll)rllcr(i;llljiilitlll  I ! ;“))
power.  1[ v.,as also ]calizcd llIat a near-tcrll l  foc[)s 1111].[ t,. III
small I’CS  dcvcloplnc.nt. Ilowcvcr, dcvcloprllcrll (,f 111. JIIII

size 1’(3s  is imporlrrn[  bccausc they arc of COIIV{-111(111  s ~c
that can be used inrfcpcndcrr[ly  or as building blo( hs fIII I III. I
Syslclns. A  singtc. P C S ,  o r  rmrltiplc lWS’S  {If 1111< s~,c

operating in parallc.1, can provide power al C(IIIIIIIII(  Ifil
complcxcs or industrial plants,

Since I%’ power app]icalions  arc currcll(]y COII;(  1111, 1(,1  II
snja]l s[andalrmc  1’V sys[cms o r  inlcilll((ii:l’[ > ,( i

rcsiclc[ltial-si7c ulilily-  inlcrac[ivc syslcrns,  ttm (icvc ILI; IIII( It
of low cosl,  highly c. fflcicn[  and reliable 1’CXS  ii] [III  SIII,  II I(I
medium power range is a focal point for assulil]p  lIIC Vl:!t,l 11 I y
of PV syslcms as an altcrnalivc  energy source. (’IIr ICII[ I flLI  ~

in u(ility-intcrac live 110S  dwel l  on (Icvcll.l}l  l[lt’111 f
rcsi(lcntial. and intcrmc.diatc-s iz.c. 1’13 hardwa)c.

Some ncw clcc[ronic  c o m p o n e n t  lcchnolop,I( ( II,, [
advanced to the point where (tIcy could irnplow cfl I( it II( \
and rcliabili[y  of l’C3s. ‘1’hrsc nc.w tcchno]of:lc.  I  ,, Ihlt!(
f’lG.,  srnalt powc.r,  AS1(’S,  n o v e l  i n t e g r a t e d  (  II( 1111 [1( )
archi(c.cturc, and improved packaging techniques. S(lill(  [I L,<
scmico[]ductor dcvicc.s  h a v e  IIl:l[urcd to lbc Imil]l (1 I I I. I I ;:

currclj[iy  avnilable for J’(’S applications.

T h e  (cIm Smarl l’owc.r refcls  [0  intcgra[iorl  o f  I Ii’, L I,

conlrt)l, p[olcclion, and scllsin: funct ions in[o oIIr’ [)<.  L.:1[’,

‘1’lic lrflll  I’owcr Inlc.gralcd  (~ircui[  r e f e r s  t o  III(I II II! I
SIILICLUIC  Capat)lC. O f  pCIfOrlllillp,  pOWC.r  SWilChil)~ ;Illd ( !,1111(’1

func[ions. “l”ha( is, both logic ga[cs and pO\I,IUI  ~ ~1111111

dcviccs  arc put on (I]V same chip inslcarf of buikllrlp,  S(II:I I!
chips and wiring lllcl I) togclhcr. l’owcr intcp, ratc(l cir~ uI[\ ill’
inlcgralcd over an entire wa fcr. Ralhcr [h211 rli,+k]rj

individual chips on a wafer, dicing then], all’1 IIlr’11

intcrconncc[ing t h e . m  t o  rllilkC.  a systcrn, a l l  the (I:$il 1~ (![  ;

syslcm arc integrated in onc n~onoli[hic pmccss l,!l{, ( l:!
dcvicc d[ivcrs and high-vol(a$e output  dcviccs aI{ I (II~IIL{’
Somc[imcs,  (hc tcrnls Snu IIt I’owcr a n d  POWCI I IItt  t I {(r i
~ircuils arc used irltcrc}]all~c:it)ly.

A ( (,lilt~if),it)ol) of I,i{,,lj JIIIMI:C  al]d high flc(~uCtlc-y  in sn}al[
]x~ucr dcsi:,!ll< pc(lI]i[\  III( IISC of digi[a] control such as I’}VM
(~IIIIIi}], IU\UIIIII~:  III tlii,ll cff](icjlcy  d e s i g n s  wi[h cfflcicrtcy
LI[~ 1<, ()$ ~,c,L( [t aIl~l III s,.il~~(alllial  reductions in volu IIIc and
\\ L], qllr Ill Ili<llly ajljllll f!ll(lll< \\, t]crc lhcrc is a need of a
(1, tlc,[,. (1 l(I,,\,  \oltil}lC lI[)\’  L i Sl]lll)ly for Collllol” J) II I[)OSCS  tl]is

Ic<lcli][llbcill 1[1;1) t), uliltl]lla[cd in Sllia[l ~m\vcr
illi]lcl]jc.lll;ilic)r,, ‘1 )Ii$ III,Iy sip,niflcarllly  rcducc Ihc total
}I(IMCI Sysl,  Ill \vcip,hl, V(ll Llrllr’  all(i cost,

SjI] {II r,(u,c{ i]ilj,lcjlj,l,l;i[iol)  cllhanccs  t h e  rcliat,ill(y  o f
ro\\cr  syst(r, ) t,<cz[lw  (If (II ,I{lta(ic  rcduc[ion  in LIlc llun~twr o f
scimr:![c r)ati\ iilo IIF \{ ’i[l] a,socia[cd reduction in failure ra(c.
SiII(c  rv(’  hi~:l]  V(JI[(III,C  1:11111: cxcccds t h e  Or,cralirlg  vol[apc,
[111 \,ll[apt Illaf}  ill i< iilclL-:jwd rcsu][inp, in hirtlcr
Icll:lblllty. I< C, ILI. UI  Illlllll)(f o f  illlcrcollr]cc[ic)l]s also
c[IIIi[I  L~ (l< ]cliat)ll]ly (Ili[[,ri Ic(]uilcnlcnls  i s  ~Ica[ci  i n

I’JC’  illll)lci]l[l]l;iti(jll 111111 [Ila[ IL.{]uircd i n  irllj)lclllclll:iliofl

uilr)}: ((Jilli(Il  chips al](l r)owu[  Corlvcrs  ior)  usin~ (Iisc[ctc.
d:vi,c. llo\\c\cl, [tlis ;I[ldi(iorwl silicon provides tljc
is(,l:j[i{,l, tlc[w(cl, [tic [v,(I cilc~li[s.

III a:ldili(lll, with  SIIJalk I size, no external palls, higher
flrqlrcj,cy, tw[t{I  fccdt,, ]ck aII(l Iowcr  productiorl cost, tlIc P1~
ilr]plc[ltc  n(a[iot~  bccoIIIc\ llmrc compact and attlaciivc, With
irl(r(a’.it]~,  v(Illap,c,  Itlr (II( size is larger, With inclc.asing
aJ)J)lic:llioris, S(,  ):ll( ])()\:(’l it[iplcnlcn[ation i s  chcapcr.
S]ll]ilar]y, fo[ tli~llrr  (LIII(II, lllc dic si7c is Iargcr  ard l(~orc
cxr,crls]vc.  ll(Iwcv(I, a~ [I]( II[cductiorl  quantity inc[casc,  s,
IICJV lc,llno](ly,irs  aIILl p:{i}.~j:i]l~ lccllniqucs will  cn~crgc..  A s
a rcvrll, the cost Mill (Ii.flrl]tcly  cor[lc  down as in cases of
oltlcr sc. rIli( (~rl(lu(  (or (lc\i(cs  (l)as, R . ,  Krau[hamer,  S . ,
Rulawia,  A., 1{)96).

MAli KET OPF’O}{TUNI’IIES  A N D  D E C R E A S I N G
Cosl

A s  srl]art  povxr  tccl~i]~,lo~,y niatures a n d  i t s  r a t i n g s
irwlc;  rs:. II](, I[]arkcl  o f  i[s al]plica [ions will expand.
l’rcwrl[ly, sllial{  pt)wcr [c,. lIIIol(~gy  frnds applications in
C]C(  Ili(  ‘ii apjllia IIC-C$.  1]1<[111 lIICIl(/t~lorl, brUsh]Css [~ [llo(ors,
St([) [)l:l rllo!(lrs, flal p.111(1 (Ilsplays, autonlalic lcsts
rquil 11~111. a\i Ot(ics,  I}lilllt I:.  s[t u[ily systrms,  aulomol)ilcs
;III:I 1,,1<  { (~lIlltj(lr1ic3(i(][l\ ]1, I\vcv,I,  (crrcs[rial, space lnilililry

rrll.f wr[ rclf[ In)v.cl systcl]l< \\ill find increasing osc of this
tc(llr]  JII::y a i?. nla(urcs :1/1(1 i{\ vol[agc and c.uric.nt Ia\iIlgs
in(. ) t,:s( ‘1 Ilis (xj IaII(l II If;  lIIiIIkC[  will quickly include
@l(~t~”4v~][alC  S~stCrils, t~.il!t’ry  cllargcrs}  AC n]o[or dlivcs,
rolxj[\,  (II’S aII(l i!lvcricrs

‘1 I,( [, zrc lIIrny ly~)ti of sl!]arl lmwcr  an(l power inlcgratcd
circui t  (Icvicc( for VilliollS zjll)lications. “1’heir inpul/orrtput

ralillf,s  a r e  (I] flcrcljl ‘1 hry arc r[lanufac[urcd  by various
mrrrtu{a{  !irrcrs l’rolll ]I]alllifa([urcr’s  data books, it is clear
tha[ t al(lwar[  do{s  cxis[ for pov.cr conversion, control and
pr(]lr(l]ltl, :111:1  r,tllp,cs cll{rl:l  11,,111 Iow-cnd  10 hiSl]-cll(l O f
voll Ifc :111(1 [ ullcr][ ‘IIIc [ICIId cont inues towar(ls  hi~),hcr
riir]f:c’ (If vol LI$c arI(l (rlllcrll lci[i[l~:s, covering an incrca~ing
II UIIII)l I t)f apl)li(ui(iolls “1 :{t,lr I shows which manuf;~c(urcr



currently  pImhlccs Wflic]] Iypc of  hmlwarc. ‘1’llis  ‘1’al)l(  II >

been dCVCIOpCd  10 provide an overview of the maI} CIIIII < 1, I
dots not nc.ccssari  Iy cc)vcr  all rnanufaclurcls.
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TABLE 1. }{ARDWARE  MANUFACTURED BY [)11  [ i
MAN(U_ACTUREfW

(icncrally,  Ibc. s e l l i n g  pricC&W  f o r  variou$  cl[

;I” NI

products (Iczrcascs  with their increasing kW I a!i ]] f,. 111

addition, the cost is gc. nc[ally  lower with hi~,hc(  ]IILILIII(  Ii, Ii

volurm. In I}IC  case of 1’(3  hardware, it is foul]ll  tlli(ll t I (
decreasing pr ice has stcc.pcr slope for scak II IiIII (II

production quanti[y.  ‘1’hat is, Iarg,cr module size.s haw IIIM ~ i
COSJS pcr wa[l for the SaIIIC  production volunw I l~,,(l:c. I
shows a curve indicating ccoi)omy of produc(io]l V(, IUIII( [~,[
PCS hardware. Similarly, I;igure 2 shows ccoi)oliiy (,I S( i III
(Krau[hamcr,  S. C( al, 1995), (Ihrlawka, A. CI al, 19(M), a !1
(Bulawka, A. cl al, 1994).
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1,,1,’. I 1< F<&l IN G- WATIS

F [G[JFf[: 2 :,[ I I lNG f’fil(;[ VS. [’C)WE[{ RATING  -.
[ (X)NOMY of SCA~.1,

1’1(  : l(chnlllo/’y, \\lMri ftflly  dcvclopc41  In terms of ratings
and imlalio]}, \\ill of f( r atk (,l)p(ulunity 10 make significant
inll,l{)vc]l~c.llt\ ill COS[  slid I,clformancc,  and offer promise of
nm[lr)j,  (he- U S. I)ci)ii]tllliilt of iincrgy  (IY3E) cost and
pc~forllmce  f:o:Ils. Al[tmuph [hc usc of PICS will bc initially
lil[ti(d 10 sl,,all atl[l ir,l(llli,:{liatc.- si7c IWS, large PCS m a y
alw  ilsc  lhCIII

A  lyj)ical fr(~w[})  [o!!r[,,  [II  slllarl  p o w e r  te.chno]ogy  wit})
a~)~,li:;j(ion  I~OIL t!tial ill \irious  industrial sectors such as
n]ili( IIj art, I a:rusl,  arc, : ~l[or!lolive, telecommunication,
clrc~(ol]ir d l!a ]uoccssill~, ;ttvj  industrial power and speed
C[,IIIIO] i s  i;)~ii(atcd ill )  1}:111(. 3. Nccdlcss  to say, ihc PI~
II IO ILC.I if CII{NIIKIUS aIId ~l(,~,i]]p,  (Smith, 1980)
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I ICNJI{E 3. f’cn  [ rdi IAI. SA[ fs O F  SMAFiT  FJOWER
IN I [GfiAl t [) ClfK;~lll  S IN MILLION OF DOLLARS

U.S CiOVl:li NM[ NT [ NE F{GY P R O G R A M S
‘1’tIeIc  are  IIMIIy  wlIi lli~-. suppoftcd by lhc [~)li that  will

a\sisl in rcallm(i(lll  (II full po[cntial  o f  s m a r t  p o w e r
(c ( lIII(IIOgy :il,d hell)  IIICCI 1 ~{)[i ~orrls, For cxan)plc, as part of
III( Naf.  iofwl }’tlol(~\(~l12i[ l’fograrn’s Ilalancc-of-Systcnl



Ini[ia(ivc, l~ol~ through  S;,l]clia  Na[iol,al  l.abcuat~)ly  (Sl{l } I ’ \ ’
Sys[cms  A p p l i c a t i o n s  I)cpar[]llc.n( fo[]rtcd  aII ((1[,1, 1,

dc{crnlll]c  IIIC sl:illls o f  s!]]alt pov,,cr  and 1’1(1 I( ( lll]t}l[lj,i~ ,
“I”bis cfforl  w a s  inlcidcd  l{) plovidc  Iilcra(u[r It..t,I.  II , ,IIi

cvalua [ ion  o f  ava i l  ah]c  IIL. W SIIIa Il p o w e r  COIIIIIO II 11[. ,:11 11(
lt, chnolo~,ic,s  lhal alc ;Il)l)lical)lc  [ 0  IW sysl(  r, ;11)1 111(

associakxl 1 ’ ( ’ S s .

A s  a  result, lhc flls[ wolkshop  on smar(  po\vcI  W,I. II. l{i aI

[bc  [’aliforliirr  lnsli[utc of “1’cchnology (C:al[cctl) {1. I hl I!  : ;1,

1987. hfany  prc.scn(atl[)ljs v.crc made [0 c <)( ( I Ill bll,
lc.ctlrloloF,y  anrt ap[]lica[io[ls. ‘1’hc V.forksholl  CI)I(  Ill,li 11<(1
no real  Ic.chnical ballic] cxislcd that  would [MC \L III [1, (

a p p l i c a t i o n  o f  slrlal[ pov,c I conccl)[s to l’V-s])c{i(](  s? .,!, I ,
(h] add]lion, Solit[ior)s 1 0  Culrclll  rclirrbility  11111111  III. 11,,1
conslrain I’V Systcll]s  O[wl:][ions  loday l]ray ix. c \IIl\ :,1 11)
usins small powcl (Kraurlldlncr,  S. c1 al, 1995).

M u c h  devclopmcnl  had occuncd  in l’1~ aIId  \III<II [ II Ii, t I

dcviccs  and their applications silicc  II]c f]rsl M(!II  slII~[,

Therefore, a second workshop was lrcld on I)c., <-rj,t,{  I v ‘;,
1993, a( (’altcch.  Sponsors irrc]urtcd  DC)I{-PV, Sh’1  ., N:,II(,I,  I

Rcncwablc  l{oergy 1,aboratory  (NR1:L), Inlcraxco(  y A(l\~III ~ .:1
Power Group (IA}’(;),  }; I’RI, I’owcr I+lcclronics  A1>~III(  II I(IS

Center (} ’[;AC), a!ld JPI,. lli~tr calibct individuals fr{III  ~111 I(

p o w e r  nlanl]fiiclu[crs  nol ol)ly part ic ipated i)] Ilii. III ~,1 I y
advcr[iscrl,  Iligtr quali[y  works tlop, but dCIIIOII\(IaILCi  IIi if

cnlhosiasm  ald conlrnilmcrl(  t o  I ’ V  1’[3  dcvcl[~[II,II  II. ,!s
well,

Ilc rcsulls of this workshop \\,crc four-fold }11s1 Itl[
workshop plovidcd an understanding of the corlcld SI,(I[ <t.
tbc-ar( of wnart pc~wcr  a n d  1’1(1 tcchno]ogy. S(c,)ll~i [t{
strengths and [cc brro]og ical barriers of I’IC  ICCIIIjr)I(,lI\ \L,,~ ~
identified. I’bird, usage of 1’1~ tc.ctrno]ogy in vari[j~].  } ‘W
appl icat ions was idcn[ificd. f;oorth,  prograrttrrl:l~i[  SI, l). I ~>
forttlcr  the u.ws o f  t h e  s m a r t  p o w e r  Iccbrlt~l,J/:i  \.’L L
idcn(iflcd “1’tlc.sc.  arc: (1) develop a plan [c} tli!ll\f{ I :s[),,rl
power/1’lC’ [cchnolc)sy  frorll srnalt power indusfr}  to l’\’ I’( S
inclus[ry,  (2)  deve lop }<&I) p r o g r a m  to i(ici,tif~ s,,, ., t
power/Pl~ clcviccs  for in[c~,raliorr  into PV P(’S ullil, ( 1)

cstablisl!  a[ld lnainl ain a Culrcrl[  darabasc on sr]]arl lM,V,L ‘1’ [’
trardwarc, (4) plati and m~,anizc  a workshop or, SIII:,II  p,v I

in 1995, .lII(l (5) monitor  Il)c {lL.vcloprner,l of a {III;I\l  I I : \’
AC (SOW’ or ICSS)  InodulrII  i[lvcl Lcr ac{ap[ablc  [O  l’~ IIJII  III ,,

under  Sllll< and o[hcr pro~i:il{ls (Krau[hamcr,  S, ( t :1,  I ‘IL!  ‘I,

1994).

A PCS cffor[ corlcn(ly underway ancl tailor- nladc II II s III I

p o w e r  tc(tlllr)logy i s  oJ,c using a n  i]](c~[:ilc,l,  l,r;{l  iy
nlonolithic, IKX  to fUl[}lCf  the concept of :tri ‘“A( 1 ‘}’
rnodulc”.  ‘1’llis  cffor[ is bcinr, supported by fundill~ fIt III I II t
[krvironnlcntal  P[olcction  A g e n c y  (IWA),  Sllll{, a))~l  SW1
q“hc  AC I’V lmdu]c conccp( was discussed witllill  Ill,. 1> ): 1‘ ,’
prograr]l  as c.arly as 1975, bu[ the necessary  CICC t[{)li,  . ,~, ,,
not of aF,c at lbal Iimc. ATI “A(:  I’V rnodulc”  vm)hl  [:, L I I ;{{
expansion of installed W sys[crns  and arki ncw (Iilrl: rl\I,,I
The irtca tmc is to usc a Ilyt>ridi?cd IWS inlcgtalcd v:III, \,II; L
power  nmdok? on Ihc poncl ilscif for AC or [)(’  oL,l~, t 4

C(III bill{ili(lll of Ili[:l v{)ll:i~,t :111(1 tlir,h frequency ol)ct,itiorl i rr
SIII:I[ lK)WCI (It si[,! \ \vIll [wrl[lil ttm U s e .  o f  di~i[a] contro]
St), ll il. I ‘\+’ ~,1 , [cst)llil(}, ill hi~t] cfficicr]cy dcsip, tls,
I;II1, i{ l]cic\ (If {Ill to 9$ l].’ I. CIII  and Substantial rc.duc[ior)s in
V(ll[  [,, :11, i Wt,i!;lll  :, ol)[;iitlablc. SrIIaIl  p(~wcr

ii! [I: CIII:IIlal  IO II ( ().11(! t II III II(C  [t]c  reliability (It a 1’(:S
I)(L ,ILI.C (II {il<tl113t,[  Ic{ill  II lit II) r}lc nunthcr of d~scJc[c  p a r t s .
R(<l,r(,.s  nu[k,;r  o f  irl[(lc(,llrlcc[iorls a l s o  c.rrhanccs  t h e
rcll:lt}]lity, \n~;ill( I sift, Ii cltc[l]al  parls,  higtlcr ol)c.ratil]g
flttllrol{y,  t,cllcr fc{(ll,:t(l, alltl lower  prod{  ic[iorl c o s t ,
Cllll[l c’s Ll, ( I(liatill[y !; II I: II ICI si7,c, n o  cxlc III:Il parls,

hil,,l CI o[wl<ltill[: fIct!II(I  I y, t)~.ltcr f e e d b a c k  arid low~r
[)[() ,111( 1101) Cos(, Cllllillll (’S snlar( power and I’lc
illllllclll(llt:)lio))  ill 1’(’,S CII w~,IIs. Ottlcr coontric.s  SUC}I  as the
NI.  tlct I: III(IS  Jr, a(ii,( III ;I(l\ ,Ir]tvrl[! arid usinp,  “A(” lmncls”.

I 1( I’tlol(lv(lll;  ti, hl!il  I’~CIIII  illr, “1’cct)[)ology  (1’Vhla’1”)
pl[,~,([  is ;{ llis[~l[ic  yt,v[ 1(,111[11[/][](lL]s[ry  partnership to carry
OLI[ I{\crll(ll ar](l (l(~t ll,,ll)cr)l  (fL%l))  i n  tbc. a)ra o f
Pt](jloiu]lai,  (1’\’I II IaIILIf;IL  [~l{i[l~,.  [’Vhfa’[’ consis[s o f  joir)[
arli~itlcs brlv,,({l] lIIC 11. S l)clmrlnlcnt  of hrcrgy (lX3j and
nl[rr.ot]s  of (1)(  [1. S. I’\’ III(I !~tr). l’hc pro ject ’ s  ullinla[c goal

is [o  c[lsurc ttw[  (1. s itldo\l.l), riot only retains but extends its
~orl~ Iead( 1.Ij]l) rc,lc ill [(l?ll~lfac[uring, a n d  c.ommcrcially
dcwloj,ing  I’V COIII;  KIIICIII.  aII[l  systems.

IYll USI{RI )1’ )s a joint [ P:)l YI)OI)/f:l’A  program on cncr~y
C{”)ll~ct  v;itioll  /rcllc\\,:lt)l{ rc<)llrc~s [:undings for 1991, 1993
all(l 19 )1 V.f{  Ic $4,(PfK)}~  C;I( II year u,ilh corlrplclic)r) projc,clcd
irt 20(lt. ‘J tl[ ,C aC f[)~if dcvcloprncn[ stages required 10
ir(li]l;rllcnt }’L’ ill[(, a IK)l) aljpli(a[ior]  class. ‘1’hc.se arc.:

* ‘1(( tllli)lof’y Ci(,clol)[[tcr)[

* ‘1 c(tlIml(,p,y  dt, olon<(ra(ion

a AIJ[,li(a~i(jfi  }all(la!i(,Il, a n d

* llll~l!cl[ l(lll; ill(lll

hl.xiulal lI(IWt I l,rt,(c,,\illp,  lIaIdvaIC,  for I’V applica(iorls i s
all (,t)jrc[ivt ( I f  [11( Srll;tll IIo<ilms  i n n o v a t i v e  ~csearch

(Stll K)  pro~,ial]i ‘1’twlc  i s a ncld for modular and
n]alllif:+[  rur;f  ’,!c I’(’S I]:lldu ; I( 111.11 is a rnultipurpcrsc  electronic
cO1l\cl[c I \~ tit, co[lc.:  crllo; fl)lc” s o l i d  s t a t e  AC and [XI
il)tlrfa  (,~ :trI,l ({]lllr(,l  (i[ (,,! [i. 14Tgcr modular si7cs (S0-?50
k)i”) : i , II(, r.lt,l  for I’\’ {)l~cr:f[i[lrl in conjunction \\, itl]
bilit(li( ., [II SC] p,c’l)rr,tt(,l, aII,l fu~c] cells for applications.
~’lu u\ ol II,C s[:tt(-r,(l},{  ;IIL  rtcllflo]ogy s u c h  as AS I(’S,
1’1 A.,  :tI]d  II,Icri~[,I~J[ c\w,Is i~ ci){ t)u~agc.d  [o promo[c I[lodular
dcsi[r). Illal Cflll [1<( aflvarlccd autonla[cd  manufacturing
proct  s<cs. Srllallcr  (’,() ~?$[)i~’) }’V nlodo]c.  IT.SS that operate
a< arl il,[cF,r,ll par[  of av~!l],,t]]c  I’V rrloclu]c.s and provide an
OLlll,llt (If 1 I(IV ill ()(111/  (II Ll!Ilily  qualily J)owcr  arc currc,ntly
bci]]j; (Itv(l,,i,(.1,  (’c,ll,lllri~i:ilization  o f  t h i s  dcvcloprncnt
C(IIII(!  rt},oll][lo,i~(  tljc }’i’ illd~lstly by providing an “AC I’V
nmllll~”  ttl~!  IIS+( t)uil[. ill rl,;!~irlll]llj  pov.,cr  point [racking and
A(’  s:il[Iy ili[tr[i+(( {t)tlc(i(,]). 1[ could c.ssen[ially  bc arl AC
al,l)liaht,: III; II supl)lics  [IoMc I, :IIid woll]d  avoid the 1)( ’-si(lc
is\\lcf r,f :rl. {y ]llisrT]a[ctlillF,, array utili?.alien, and
Sba(ii,\\llIF (Ililitysidr  ((,tllc(ti(,rls  v,ould s[ill havcto  mcc[



POWER E LECI  RONIC BUILDING 1!1 ()(: K!;
(PEBB)

I’hc flrs[ I,[lwcr clrclrcmic Icvcrlu(ion  has Imil dcvvlolII I:: I
of srnarl p o w e r  alltl prswcr intcgra[cct cilcuils. .jt,:. ]’ ,,

dcvclopmcnl  prog[anl is [aking f u l l  advan(ase of ~IiiI  II!. {I

[his technology in Icrms of sin, cost and pcrforlrlarh.c  irl : I
allcmpl to rnakc I’V p o w e r  systcm compclilivc v+itll ollt I
sotrrccs of power mid used at a larf:c scale. ‘m S(, (l:l
clcclronic rcvolurion is corlcnlly urldct wdy ill II [
dcvclopmcn(  of power clcc(ronic  building block (}’1 .111{ i I
t h e  office c)f N a v a l  Ikscrvc i n  t h e  lJ.  S .  lkpar!l~)(r)l ~}1 I I  [

N a v y .  ‘1’l}is cffolr  is suppor[cd by Ihc. t; V. IX)l  I I’I(,},IM
major  Amcli  can Illanufactarcrs.  an(l univcrsitirx ‘I’ll 1,1
here is  10 shift p o w e r  crl~inccrirlg for circuir  d,. ~i~,il ,
systems dc.sip,  n sa(li that complex power c.lcclrulji( t i[t III ,.
will bc rcplaccd  willl a sinp,lc dcvicc, dc.vclol]llwllr  ard {it.]!  II
costs for complex power circuits will IK r[,41\l.{,1 ii ,1

dcvcloprncnt and design of large electric powcl sysI~ II 1~ \v 11
bc spccificd. N a v y  i s  con[crnplatin~  applicati(,ns  of SII Ii
building blocks in bus trirnsfcr switches, circuit t)] 1 iii c .,

actuators, adjustable spc~.d drivers, invcr[e.rs and co II\ ( I ICI .,

power supplies and motor  controllc.rs.  I’hc nc[ rcs(ll[ O( }’i .[ 1:

applications will be digitally contl-ollcd  }mwcl,  fl{ ~ It II’
system rrrchitcc[urc,  au[oma[cd  mrrnofacturc  and rc,l~l(~.,1 c (,.!

IIIC  l’1~1111 cssclltially  coasis[s  o f  1X-A(:  co),v~ rsi II

swiich, input and cm[put  filtcls, and rc+rircci  colltr,)ls. I i[l (,
4 shows a }’M{B corlcc.ptoal  rcprcscn(ation.  SOJII: f(r)t [i(,l {1
details arc shown in I:igurc 5. 1’1{1111 is goinp, to bc ;{ I( ill!)
bccausc of its real ability in improving con[rtrl<  (I! hi! 1,
corrcnls  and vollagc, incrc.asing Systcm rcli:tl,illly  ;+ iJ
reduced COSI.  It affords usc of powc.r  ctcctrorlics r!! a WI 1:

range of applications. llowcvcr,  [here Arc sor{m  t<c}!rli< +)
issues related to Ihc full-scale dcvclopmcnt  of 1’1:1111 ‘Itlr ,:
issues include. processing of scmicondoc[ors, M{-j ( jii],s,
driver and control, packaging and syslcn)  i])t{~l;~i~,
Certain stra[cgics  arc being pursued to address (I]rs( i<s~r  <
These include ( i )  the usc of  coqcurrcrlt  J(wat{lI  ?13
cnginccrjrrg  by dcv~’loping  componcn[s by i[][c~,idlillj: l’I’1 ,1{

and by c.rlg,inccling appl icat ions ( i i )  dCVClOpI,,{III  ,,f
intcmcdia[c  product demonstrations by (l(III(III\t  14il  III[I

diffcrrmt pro[o[ylws and b y  providin~. fc.xll,:t{} 1{)1
c.stablisbing rcscilrcll  priority and ( i i i )  j]ltllittl!illll {11
corl]n~crci aliz. a[iorl t)y prc)ducing Iargc. ploduc[i,]ll  ~~,llll)ws
and by dcrnonstra(ing  I’IiIll) rcliabili(y. I n  rillwl v’~,r$  is,
dcvclopmnt  o f  I’1{1111 inclodcs  b o t h  produc( aTId  l,I{,L~ <s
dcvctoprncnt.

U . S .  N a v y ’ s  cffor[s in dcvclopirrg Plillt]  arc (lirt(~(l
towards significant cost and pcrfonnancc  iniprotclllcllt~.  ill #
variety of Itrcir  applications. I.hcy arc l:ikilly,  i+ 11111111

dircc(ional  approach: fcmn rcsca[ch  o n  major  ill}p)(,vcrn  III
in solid-s[a[cd switctring technology, illlcp,)o(< :;l,

technology into solid state switches, dc. vckq!  pa(k.ti[:ilif
[Cchnology, dcfirrc syslc.nl  archi[c,ctures f o r  1’1;1:[1s,  (i~v(~t,f
system applicatiorls  and dcn~onstrations.  provid< Ica.1{.rsl,ir
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I FJF{C)C~F{AMMAll  l.E FOR  MUL7 IPI.E
APPI.KATIONS I

Apl,arcnlly, thclc IS a  syncrgisln bc.twccn  PliIIIl
dcv(  Iol,i))cli[  c. f[or[ (If IIIC 11.  S. Navy and Smart Power ac!ivity
of 11.S. lkjl~llr  II)car of 1 .11{ Il,,y for PV power program. ‘J’hc
ot,jcctivc ii lhc s:irilc: i]llp]ovcnlcnt  of pc.rformancc  a t
rrilm-z.l  cost ill vali.)u\  a[~~)licalions using power clc.ctrooic
pOV.,CI convcrsi(lr~.  Srl,;,l~  lmwci is the core of both efforts.
[’1 l\Il U!C.S rlm IIIOL  ~ [~f sulmyslerr)s  conccp[  and can bc u s e d
it] 1’V Systel){s, C<l)c.  itlly iti “1’V AC n]odulc”.  As a result of
IIlis  synclpisIll, tl]c 11. S IXW I’V P r o g r a m  i s  currcmtly
par(icil)a(in}:  irt rt,c 1’1.!11:  z~ a }I,rans of supporting an R81JJ



cfforl for future  1’V PCS. 1“10]11 rtcvclopnlcnl cflor[ 1< I X ~! ‘. 11s11,/. SIIliII I  l’c,\\fcr/I’{,\,,r IIilcflratcd circuit s,” ]Izlx,
current focus in I’~S  dcvclopmcnt. 01] ,r, k), }~1.,  .l(,ly 31- AI, /F 4, 1 9 9 5

Slllllh, h., “SIIIa([  }]oi,, cr lcorlorl~ics, “1’c.chnology  and
A[,]ll)( ,{tioll~,” liIIciictl, (’(,illtll~l[licatic)lls Inc, c.di[cd 1988

C O N C L U S I O N S
Jlasc(l cJl~stlrvcy  a[lcic.valll:l[  i{~Jl o f  ric[ivitics i~, tl, : t,!

collll]lc.rcialifalic)ll  of PV power, sofnc  corwlus~f, n\ { , II III

made. Thcsc arc: ●

1.

2.

3.

4.

5.

6.

The cosl of I’CS  for ptlo[ovollaic power s~slcIit\  ,,UVIII
S} ’/l’l(~ Icchnoksgics w i l l  [~ dccrcasirlF,  v:ill, \’i I’111 I<

[hc.rcby  reducing coslAW of }’V power.

l’hccflicicncy  ald rcliahilily  o f  I’(X usillj: S} ’/l’l[’  \ i l l

improve willl  their dcvclopmcnt  and ra[inf!\

‘1’hclc  i s  rr ~,lowillp. synclgisll] tw,lwccii p,(IiLIII  III II

proglafm a n d  wi[hin Ihc induslry. lnrluslry is lL!;}.jlI~w

a n d  Sovcrnllml  flrO~IillrlS  cncourasc ird~l\(()  1111 (,1 ,1,
technology transfer.

I)cvclopll~cnt clf ’’A~parlcls’’  ir~LS.S. andotlm{  (( IIIIIIIr~

is growing. I’his will lead to lal~,( S(1 1{
cornrucrciali zalion.

Ciovcrnnlc.nt cfforls t o  promo[c applica[iot{s c,! S1(  I t  I

I’owcr in J’V applications and [O stimulate a{[i}i(i[.  II
1’1}1111 Program wil}lin  Ihc Chvc.rnn)cn[ \c(l(l:\ i’ ‘L
private scclors  nlust conlinuc.

I’cchnology transfer through wor).slm~~. :, ICI
publ icat ions must  I)c cncouragc.d  to stir[)rrl;+l[ II M

interest in I’V  applications and cor~~rl~crciali~,;~tl(>tt
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